into the polar cap. His Class III spectra (accelerated through a field-aligned potential gradient from 50 V to 2 kV) are most clearly associated with the observed ionospheric characteristics of the sub-visual F-layer arcs. They are the polar showers reported by Winningham all-sky cameras and by the DMSP satellite imager, 6 also show a positive correlation with northward B z . Thus, during times of northward Bz, and statistically dur-7 ing quiet geomagnetic conditions as measured by Kp and AE, accelerated polar rain electrons (polar showers) precipitate into the polar cap and produce F-layer auroras and associated ionospheric irregularities. However, uhf scintillation measurements, a measure of km-scale irregularities, do not show a strong dependence on the level of geomagnetic activity. Scintillation occurrence measured from Thule, Greenland (860 CGL), was shown by Aarons et al 8 to be essentially independent of K p. Thus, during disturbed geomagnetic periods, when structured particle precipitation into the polar cap does not directly produce the observed irregularities, transport of plasma and irregularities from other production regions must be considered.
The purpose of this paper is to describe large scale (-1000 kin) plasma patches observed in the polar cap during a moderately disturbed (K p>,4) period. and those of Weber and Buchau 2 on direct irregularity production will improve irregularity source functions in future models.
OBSERVATIONS
Polar cap ionospheric measurements were conducted from Thule Air Base, Greenland (76. 59 N, 68.7 0 W, 860 CGL), from 17 to 27 January 1982. The objectives of these experiments were to measure optical and radio-wave signatures of polar cap ionospheric structures, to relate these to in situ measurements from the DE-2 satellite, and to determine the relation of the large scale plasma structures to small scale (ki) irregularities through satellite-ground scintillation measurements.
Optical Measurements
Optical measurements were performed using a wide angle (155 field of view)
All-Sky Imaging Photometer (ASIP) 9 with interference filters to measure 6300 A The images were made using a 30-sec integration time, and they cover a dynamic range of -20-400 Rayleighs (R). For an assumed emission height of 250 km, the total image diameter is -1600 km (lens vignetting reduces the useful diameter to 1200 ki). For spatial reference, the dawn-dusk (06-18) and noon-midnight (12-00) CG meridians are projected into the images for a height of 250 km. The intersection of these meridians is the north CG pole, located toward the top of each image.
The images show structures 6300 A emission in the form of -800-to 1000-kidiameter patches, and dawn-dusk elongated features drifting in the anti-sunward direction. Patches are observed near the zenith at 07:06, 08:06, 09:33, 10:30, and 11:12 UT. Two dawn-dusk elongated features drifted through the zenith at 07:30 and 08:57 UT. Both types of structures drift in the anti-sunward direction, first appearing on the noon horizon and then disappearing beyond the midnight horizon of -1 the ASIP. During this period, drift velocities ranged from 500 to 1000 m sec These speeds are similar to previously reported anti-sunward plasma drifts mea-9. Weber, E.J., Buchau CGLT sector.
The ASIP images provide a measure rsf the large scale structure and drift of the 6300 A emission features over a 1200-km region in the polar cap for a comparison with other remote and in situ measurements. To illustrate the quantitative behavior of the optical emission, the 6300 A zenith intensity measured by a I m Ebert-Fastie spectrometer is shown in Figure 2 . The 6300 A emission reached not vary from outside to inside the patches and showed only a Lrrad,,ial increase with increasing CGI.T. The inten;it, variations will be used in Section 2. 3 to separate polar rain excitation (aurora) fronm the dissociative recombinatio' (airglow) contribution to the total measured 6300 A intensity.
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Ionospheric soundings were performed using a l)igisonde 128 PS 1 2 operated at a rate of one ionogram every 2. 5 rin. The Digisonde 128 I'S provides the standard virtual height versus frequency (h'f) information, the anmplitudes of the returned signals, and, of special significance for measurements in a highly structured and dynamic environment, the predominant Doppler shift in each frequency-range bin.
During these experiments, the Digisonde was operated in a i-ode to perform Doppler shift measurements over a range of -22tHz. This I)oppler capability allows identification and tracking of drifting F-region irregularity structures in the presence of spread F. To establish the two-dimensional structure of a patch, a sequence of clearly identifiable ionogram traces was taken from all ionograms recorded during the transit of patch A up to the arrival of the leading edge of patch B. True-height analysis was performed using these traces. Since no E-region returns were observed during this period, the starting height of the ionization was set at 180 km.
An upper limit for the ionization density at E-region heights can be set at S104 el cm -3 , based on a combined assessment of the ionograms, the measured particle precipitation, and the 3914 A N 2 + zenith measurements. Setting this low E-region density to zero for the true-height analysis only slightly affects the resulting F-region profiles, and has no substantial impact on our conclusions.
Constant electron density contoura along the noon-midnight axis of patch A are shown in Figure 5 '. were then plotted into the ASIP image. The numbers 1-9 in the ASIP image correspond to the same numbers in the spectrogram (see Figure 7) . Although the polar cap precipitation is not completely uniform, the small variations do not correspond to the -1000-km scale size of the patches seen in the 6300 A image.
This comparison suggests that the localized 6300 A patches seen in the ASIP images and in the intensity variations in Figure 2 are not produced by direct particle precipitation, but are primarily airglow structures produced by patches of enhanced F-region ionization. The motion of the features suggests that this ionization is not locally produced but is observed after production as it convects across the polar cap in the anti-sunward direction. During the period of observation, this ionized patch undergoes chemical recombination which results in the 6300 A airglow.
To test this hypothesis, the total 6300 A emission (direct excitation from precipitating electrons plus airglow from dissociative recombination) has been estimated for patches near the aircraft zenith during the DE-2 passes at 06:55 and 10:07 UT. The quantitative behavior of these patches is clearly seen in the 6300 intensity measurements in Figure 2 . The first patch under consideration drifted through the spectrometer field-of-view from 06:40 to 07:12 UT; the second patch.
from 10:18 to 10:40 UT.
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The electron spectra at 06:55:27 UT were used to calculate the contribution from the polar rain and from photoelectrons produced below the satellite (Figure 9 .
., \ 1009 00 J'" For the polar rain contributions, spectra were averaged over the 620 loss cone using detectors at 90, 46* . and 61g. The photoelectrons, such as those described by Winningham and Gurgiolo, 16 are produced by scattered UV radiation below the satellite and are distributed isotropically. They are detected at satellite altitude in the upcoming (1361 pitch angle) detectors at energies between 5 and -60 eV.
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Since they are isotropic, similar fluxes are expected to precipitate into the F layer and contribute to 6300 A emission. The polar rain and photoelectron fluxes of Figure 9 have been added to obtain an effective spectrum representing the total particle flux incident on the F layer. The auroral ionization/emission model* based on the electron transport code of Strickland e,. al17 was used to calculate the expected 6300 A emission and the electron density profile from the incident spectrum.
The calculated value of 70R is shown as a base level in Figure 2 . since the polar rain fluxes did not show significant spatial variation in the vicinity of Thule.
The airglow contribution was calculated using true height bottomside profiles 18 from the digital ionograms.
These were matched at the F-layer peak to a modi- Although the electron spectrum can account for the 6300 A emission outside the patch, the ionization production (and resulting electron density profile) from Ne(cm
.iaure 10. Electron Density Profiles Inside and Outside the F-Layer Patch Determined From True Height Analysis of lonograms. Also shown is the profile expected from soft electron precipitation into the polar cap density profile from the numerical code using the composite spectrum in Figure 9 .
The measured background density is almost one order of magnitude larger, and the layer peak is found at higher altitudes than the profile resulting from the numerical calculation, showing that local fluxes are not sufficient to produce the measured polar F-layer density. This suggests that the entire observed ionosphere (patches plus background) is transported into the polar cap from a source region within or equatorward of the dayside auroral zone.
SECOND PATCH
The energy-time spectrogram for electrons at pitch angles of 460 and 1360 on the 10:07 UT pass is shown in Figure 11 . As was the case during the 06:55 UT pass, the polar cap electron precipitation is unstructured and low in energy. Since the satellite passed 880 km to the west of Thule on this pass, direct comparison within a common ionospheric volume was not possible. In an attempt to represent
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accurately the fluxes at Thule, the polar rain spectrum was selected at a time when the satellite was nearest Thule's geomagnetic latitude (10:09:00 UT in Fi~fure II); however, the photoelectron spectrum was selected at a time when the shadow height at the satellite location was 800 kin, the same as that above Thule (10:11:00 UT in Figure 11) . These spectra are shown in Figure 9 , and, as in the 06:55 17 pass, they have been added to obtain an effective spectrum incident on the V-layer.
When used in the ionization/emission code, the result is a calculated value of 6300 A emission of 921R. This is in good agreement with the observed value of 100R outside the patch and suggests little spatial variation in the polar rain between Thule and the DE-2 Field line.
Calculation of the airglow component of this patch used the true height profiles shown in Figure 5 . Since the calculated and measured background intensity differ slightly, we used the locally measured value of 100R as a baseline and added to it the calculated airglow intensity, shown in Figure 2 for the patch near the zenith from 10:17 to 10:40 UT. Using the 1001 background, the calculated airglow values show excellent agreement with the measured intensities. These comparisons of LAPI data with measured airglowk and electron densities confirm that the ionization patches are not locally produced, but are transported into the polar cap from a source region upstream in the E x 13 convective flow pattern. In addition, the polar rain fluxes are not sufficient to account for rroduction of the background ionization between the patches. This plasma, therefore, must also be transported into the polar cap. Possible 3ource regions are discussed in Section 3.
t Intermediate Scale Snrueure
The large scale patches seen optically and with the sounder are subject to instability processes that will produce intermediate scale (few kilometers and smaller) irregularities. To characterize these secondarily produced irregularities, complex signal radio-wave scintillation measurements were made throughout the 21-27 January period. The signal sources for these observations were polar orbiting beacons in highly eccentric orbits that transmit at 250 MHz. These appear at high elevation angles for extended periods over Thule. and provide near-contin- ceivers, the irregularity anisotropy and drift. 21 Thus, we can establish the spatial association between the irregularities and the macroscale patches and determine their relative motion.
The measured signal intensity scintillation index, S 4 , is plotted in Figure 12 for the period of interest. It is a good first-order indicator of irregularity occur- The complex signal data also makes it possible to obtain a measure of the absolute density turbulence in the patches. This is because the signal phase provides a near-direct mapping of the irregularity continuum for the scintillation conditions of interest in this case. 20 The turbulence estimates are made using phase scintil-22 lation spectral parameters as outlined in Livingston et al, and the irregularity 21 anisotropy and drift that are measured directly using spaced receivers.
The resulting estimate of three-dimensional turbulent strength, Cs , is shown in Figure  12 . The S 4 index and C s generally track, as they must, but C s provides a measure of the true dynamic range of the density turbulence.
For example, if we assume a constant irregularity layer thickness, the structuring or turbulence on the sunward edges of the patches is some 30 dB stronger than that in the low-density background regions. It is interesting to note that the peak C s levels in Figure 12 correspond to median levels observed at the magnetic 22 equator during moderate sunspot conditions. The data in Figure 12 also provide information about the instability mechanism that is producing the km-scale structure. The first, third, and fourth patchesthat is, those isolated and clearly defined-show a systematic difference in the severity of scintillation on their leading and trailing edges. The scintillation produced by irregularities within the trailing (sunward) edge always exceeds that produced by irregularities with the leading (anti-sunward) edge. This asymmetry compares well with the electron-density contours determined from the ionograms (Figure 5) , and with the zenith 6300 A intensities, which show a slow rise followed by a steep drop (Figure 2) . Combined, these observations suggest that it is the gradient drift instability 2 3 that produces the secondary structuring within the patches.
The irregularity drift during this same period as measured by the spaced-receiver method is shown in Figure 13 Drift of the neutral atmosphere, which results primarily from ion drag at this season and latitude, will follow the same flow pattern but will lag the plasma by an hour or more. In the morning sector, the result is that the anti-sunward plasma flow will be more rapid than the neutral flow. As discussed by Lin- most intense irregularities, the entire patch structure is populated with km-scale irregularities of sufficient intensity to produce saturated uhf-amplitude scintillation. This is to be expected since the gradient-drift mechanisms will eventually structure a large fraction of the original patch.
i. CONCLUSIONS
Coordinated ionospheric measurements have shown the existence of large patches of enhanced ionization drifting across the polar cap in the anti-sunward direction during moderately disturbed (K , 4) geomagnetic conditions. The patches P ( -800-1000 km diameter) were initially observed as they separated from the -I morning sector of the auroral oval. Drift speeds ranged from 500-1000 m sec corresponding to a dawn-dusk electric field strength of 25-50 mV m -1. Simultaneous DE-2 LAPI measurements show no direct precipitating particle source for these regions of increased ionization. In addition, the polar rain fluxes are not sufficient to produce the background densities observed between the patches.
This comparison suggests that all of the polar cap ionization (patch plus background) was produced further upstream in the high-latitude convection-flow pattern.
Possible source regions include ionization produced in the sunlit ionosphere and transported into the polar cap by E x B drift. Another possibility is a source region associated with convection through the dayside aurora/cusp precipitation region. In either case, the source region and transport mechanism must account for the non-uniform distribution of plasma and the high peak-density (106 cm-3).
Steady convection through the cusp region, for example, would not produce the discrete patches seen in the polar cap. Estimates made by Knudsen 2 6 indicate that direct convection through the cusp would add -2 x 105 el cm -3 to the density near the peak of the F layer. This may be a source for the background polar F-layer, which has a density comparable to that expected from the cusp. Direct convection through the cusp, however, does not result in the large densities observed in the patches. A possible mechanism would be sunward convection along the cusp for tens of minutes before the anti-sunward flow across the polar cap. This "spatial resonance" would allow sufficient time for the electron density to build up to 106 el cm The leading edges of these patches have a considerably weaker horizontal Ne gradient than the trailing edges. During the occurrence of these patches under moderately disturbed geomagnetic conditions, no E-region ionization was observed. 
